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Introduction
While genes unequivocally determine the structure of proteins, the expression of these genes and, consequently, the majority of all molecular processes that occur in our cells are regulated by various epigenetic mechanisms, the major components of which are DNA methylation, histone modifications and the action of small non-coding RNAs. Unlike DNA sequence, which is generally quite stable and does not change during lifetime, epigenetic patterns can substantially change with advancing age and, moreover, are sensitive to environmental influences. [1] [2] [3] [4] This is particularly important for genes that participate in the process of protein glycosylation since, by altering the activity of "glyco-genes," the epigenetic information tailored by the environment can modify biological structures, which then play important roles in the adaptation to specific environmental conditions. 5 Over a half of all known eukaryotic proteins are N-glycosylated by the covalent addition of branched oligosaccharides (glycans) to asparagine residues within a sequence Asn-X-Ser/Thr. 6 Protein glycosylation is a ubiquitous modi cation that a ects the structure and function of proteins. Our recent genome wide association study identi ed transcription factor HNF1A as an important regulator of plasma protein glycosylation. To evaluate the potential impact of epigenetic regulation of HNF1A on protein glycosylation we analyzed CpG methylation in 810 individuals. The association between methylation of four CpG sites and the composition of plasma and IgG glycomes was analyzed. Several statistically signi cant associations were observed between HNF1A methylation and plasma glycans, while there were no signi cant associations with IgG glycans. The most consistent association with HNF1A methylation was observed with the increase in the proportion of highly branched glycans in the plasma N-glycome. The hypothesis that inactivation of HNF1A promotes branching of glycans was supported by the analysis of plasma N-glycomes in 61 patients with inactivating mutations in HNF1A, where the increase in plasma glycan branching was also observed. This study represents the rst demonstration of epigenetic regulation of plasma glycome composition, suggesting a potential mechanism by which epigenetic deregulation of the glycome may contribute to disease development.
Epigenetic silencing of HNF1A associates with changes in the composition of the human plasma N-glycome Ozren Polašek, 6 Harry Campbell, 7 Caroline Hayward, 8 Alan F. Wright, 8 Igor Rudan, 6, 7 Katharine Owen, 8, 9 Mark I. McCarthy, [8] [9] [10] Zdenko Herceg 3, * and Gordan Lauc 2,5, N-glycosylation is essential for multicellular life and its complete absence is embryonically lethal. 7 Variations in glycosylation are of great physiological significance since it has been demonstrated that changes in glycans significantly change the structure and function of polypeptide parts of glycoproteins. 8 Proper glycosylation of membrane receptors is particularly important as it modulates adaptive properties of the cell membrane and affects communication between the cell and its environment. 9 Dysregulation of glycosylation is associated with a wide range of diseases, including cancer, diabetes, cardiovascular, congenital, immunological and infectious disorders. [10] [11] [12] Nevertheless, knowledge of the structure and function of glycans still significantly lags behind the knowledge of other macromolecules due to experimental difficulties in analyzing complex glycan structures. 13 Polypeptide parts of glycoproteins are defined by their corresponding genes, but there are no genetic templates for glycan parts of glycoproteins. Instead, a complex dynamic network of hundreds of genes code for enzymes involved in the synthesis of glycans; 14 over 600 "glyco-genes" (genes coding for various glycans, but for some glycan structures more pronounced effects were also observed, 24 indicating that some environmental stimuli can exert specific modifications in the glycosylation machinery.
Our recent genome wide association study (GWAS) of the plasma N-glycome identified transcription factor HNF1A as a master-regulator of plasma protein fucosylation. 25 Aiming to evaluate the importance of epigenetic regulation of HNF1A for protein glycosylation we analyzed CpG methylation in the HNF1A gene in 810 individuals and its association with the composition of both plasma and IgG N-glycomes.
Results
Analysis of CpG methylation at the HNF1A gene. Aiming to evaluate the influence of CpG methylation in the promoter region of HNF1A on the composition of the human plasma N-glycome we analyzed methylation in DNA isolated from peripheral blood nucleated cells (PBNC) of 810 inhabitants of the Croatian island Korčula. The variably methylated CpG sites at +172 (Position 1), +175 (Position 2), +178 (Position 3) and +182 (Position 4) from the transcription start site in exon 1 of HNF1A (NCBI Reference Sequence: NG_011731.2) were analyzed. DNA methylation was expressed as the percentage of methylated cytosine at each of the four positions. Position 4 was found to be nearly 100% methylated in all individuals, while the degree of methylation in other sites was lower, with significant variability of individual methylation levels in the population (Fig. 1) . Individual methylation values for the four cytosine sites are given in Table S1 .
Methylation of LINEs and expression analysis. Methylation of LINE1 sequences was analyzed in 200 individuals to evaluate whether the observed individual differences in HNF1A methylation reflect general methylation status of the individual, or tissue specific regulation effects. LINE1 methylation was found to be very constant in all individuals (75, 81, 56, 65, 93 and 69% for positions 1-6, respectively) with nearly negligible standard deviations (1.1, 2.4, 1.7, 1.7, 2.1 and 2.5 for positions 1-6, respectively). There was no correlation between the extent of HNF1A methylation and LINE1 methylation, indicating that the observed individual differences in HNF1A methylation in PBNC are not a reflection of the global DNA methylation status of an individual. The relevance of CpG methylation at the four analyzed sites for the expression of HNF1A was evaluated by quantifying both expression levels of HNF1A and HNF1A methylation in seven different cell lines. Cell lines with high methylation at these four sites had very low levels of HNF1A expression, while cell lines in which HNF1A was less methylated had much higher expression of HNF1A (Fig. 2) , indicating that the analyzed four CpG sites either directly affect expression of HNF1A, or reliably reflect methylation of some neighboring functionally important methylation sites.
Analysis of the plasma N-glycome. Plasma N-glycome was analyzed in the same individuals using hydrophilic interaction liquid chromatography (HILIC) and weak anion exchange (WAX) HPLC as described in the Materials and methods section. Total glycome was divided into 16 groups (chromatographic peaks) of sialylated glycans, 13 groups of desialylated glycans, and four groups of differentially charged glycans (mono-, di-, glycosyltransferases, glycosidases, enzymes for sugar nucleotide biosynthesis, transporters, etc.,) are currently identified. 15, 16 The expression of "glyco-genes" and the activity of corresponding enzymes are affected by various transcription factors, Golgi organizers, proton pumps and other proteins, further increasing the number of genes and protein products that are directly or indirectly involved in the synthesis of glycans. The majority of studies on the role of genetic factors on glycosylation are limited to a group of rare congenital disorders of glycosylation 17 and studies on genetics of glycosylation in normal populations. Studies of epigenetic regulation of glycosylation are particularly scarce (reviewed in ref. 18 ). However, recent technological advances have made possible reliable, high-throughput quantification of N-glycans, [19] [20] [21] which now makes large-scale studies aimed at understanding the complexity of protein glycosylation feasible and affordable.
Recently, we completed a comprehensive analysis of plasma glycans in over 3,000 individuals from four European populations. This study revealed that the median difference between minimal and maximal levels of individual plasma glycans is over 6-fold, and for some glycans over 20-fold. 22 This level of variability in a population-based study is much greater than that found with any other classes of macromolecules. A large proportion of this variability appears to be under genetic control since the heritability of glycome composition was generally in the range of 50%. 22 Despite the absence of a genetic template, the composition of the individual plasma N-glycome was found to be virtually constant over a period of weeks and relatively stable even after one year. 23 This suggests the presence of regulatory elements that enable the long-term stability in the control of hundreds of different enzymes that participate in glycan biosynthesis. Individual environmental and lifestyle factors generally explained less than 5% of the variance in the majority of studied revealed a positive correlation between HNF1A methylation and trisialylated glycans ( Table 1) .
There was no statistically significant correlation between HNF1A methylation and any of the 75 analyzed IgG glycosylation traits. This was in good accordance with the above described associations because all IgG glycans are bi-antennary and do not contain antennary fucose. The absence of significant associations in IgG glycans provided further support for the biological relevance of associations observed in plasma since random associations would be as likely to occur in plasma and in IgG glycan data sets.
Analysis of HNF1A methylation in individuals with HNF1A-MODY subtype of diabetes. Inactivating mutations in HNF1A are known to cause a rare subtype of diabetes called Maturity Onset Diabetes of the Young type 3 (HNF1A-MODY). 28 To confirm causative relation between inactivation of HNF1A and the increase in highly branched glycans we analyzed glycosylation of plasma proteins in 61 patients with HNF1A-MODY and compared it to "normal" glycan levels (determined in our laboratory by analyzing 4,123 individuals from four European populations). The results presented in Figure 4 clearly show that GP15 and GP16, which positively correlate with cytosine methylation of HNF1A, were also significantly elevated (p = 7.4E-27 and 2.7E-24, respectively) in HNF1A-MODY patients.
Discussion
HNF1A is a transcription factor that influences the expression of a number of different genes, including fucosyltransferases 3, 6 and 8 29 and N-acetylglucosaminyltransferase 4a, 30 which are relevant for protein glycosylation. Coding mutations in HNF1A cause the HNF1A-MODY subtype of diabetes. By performing tri-and tetrasialylated). Relative quantification was performed, i.e., each chromatographic peak (group of glycans) was expressed as the percentage of the total glycome. An example of the chromatogram with main structures present in each of the peaks is shown in Figure 3 . Full list of all structures is shown in Table S2 . IgG N-glycome was analyzed by UPLC of glycans released from isolated IgG as described in the Materials and methods section. Derived IgG glycosylation traits were calculated as reported previously in reference 27. Structures of glycans in individual UPLC peaks are shown in Table S3 .
Association analysis. Association analysis revealed a number of small, but statistically significant correlations between HNF1A methylation and different groups of plasma N-glycans. In total, 810 individuals were analyzed, but since some of the study participants were related, two different statistical approaches were used. Only unrelated people (singletons, n = 495) were included in the first analysis. This reduced the number of individuals, but removed all effects of relatedness. In the second analysis the entire population was included, but the results were corrected for relatedness estimated by the analysis of their genetic data. Only statistically significant associations are shown in Table 1 , while the complete list of associations is available in Table S4 . Interestingly, contrary to common polymorphisms in HNF1A, which were generally associated with changes in antennary fucosylation, 25 methylation of HNF1A mostly affected glycan branching. Positive correlations with cytosine methylation in HNF1A were observed for GP15 and GP16, both of which contain exclusively tetraantennary glycans. The analysis of derived glycan traits also revealed a positive correlation between HNF1A methylation and tetragalactosylated glycans (G4, Table 1 ). Further support for the association between HNF1A methylation and highly branched glycans was provided by analysis of glycan sialylation (using weak anion exchange chromatography), which methylation and the expression of HNF1A in different cell lines, provided evidence for the functional importance of these four sites for the expression of HNF1A (Fig. 2) .
While polymorphisms in HNF1A significantly affect fucosylation of plasma proteins, 25 contrary to our expectations, we did not observe any association between HNF1A methylation and antennary fucosylation of plasma proteins. We were aware that the majority of plasma glycans originate from proteins produced GWAS of the plasma N-glycome we recently identified HNF1A as the master regulator of plasma protein fucosylation. 25 To examine the effects of CpG methylation of HNF1A on plasma glycans we performed an association analysis between methylation levels on four individual CpG sites, which affect HNF1A expression and the plasma N-glycome in 810 individuals. We identified four CpG methylation sites in HNF1A with variable levels of methylation ( Fig. 1) and, by concurrent analysis of their We then studied the association between HNF1A methylation in PBNC and IgG N-glycan levels. Our a priori expectation was that we would find stronger associations since IgG is produced by B-lymphocytes. However, we observed no statistically significant associations between HNF1A methylation and IgG N-glycans. Since IgG contains only bi-antennary glycans, this finding is not inconsistent with the association between HNF1A and highly branched glycans observed in the plasma glycome. The absence of association with core-fucosylation of IgG was somewhat surprising because we previously reported that HNF1A regulates expression of FUT8 (which codes fucosyltransferase responsible for the addition of core-fucose) in liver and pancreas cell lines. 25 The absence of association in this study indicated that this regulatory mechanism does not affect IgG glycosylation. In parallel to these studies we also completed IgG glycome GWAS, which revealed a number of significant associations (manuscript in preparation), but not including HNF1A-again supporting our observation that HNF1A does not influence IgG glycosylation.
The majority of N-glycans in plasma originate from the liver, but the majority of liver glycoproteins do not have tetraantennary glycans, 35, 36 thus the liver may not be the principal source of tetraantennary glycans in plasma. One possible source of these highly branched glycans in plasma are cells of the immune system, where highly branched glycans are commonly found. 37 Recently, we demonstrated that some highly branched N-glycans in plasma contain glucuronic acid. 29 This unusual monosaccharide has previously been reported on a subset of human lymphocytes 38 and so its appearance in plasma corroborates a lymphocyte origin for these glycoproteins.
To provide further evidence for causal association between epigenetic silencing of HNF1A and glycan branching, we analyzed plasma glycans in patients with HNF1A-MODY. This rare subtype of monogenic diabetes is caused by the presence of inactivating mutations in the HNF1A gene. 28 Since one copy of the defective allele is sufficient to cause diabetes, we hypothesized that in these patients the expression of HNF1A should be sufficiently decreased to induce the same type of changes in the plasma glycome composition as in people with higher levels of in the liver, while we were studying methylation of HNF1A in DNA isolated only from peripheral blood nucleated cells (PBNC). However, increasing evidence argues that DNA methylation changes in peripheral blood cells can be a useful proxy for biological endpoints in different tissues and various health outcomes. 30 In addition, it was recently reported that some patterns of DNA methylation highly correlate between different human tissues, 31 thus we hoped to be able to infer patterns of protein glycosylation in liver from our methylation data measured in PBNC. However, it appears that this is not the case, as we did not observe any association between methylation of HNF1A in PNBC with antennary fucosylation of the major plasma proteins.
Since HNF1A clearly influences fucosylation of plasma proteins, 25 we interpret the absence of this association to indicate that the methylation of HNF1A in PBNC differs from methylation of HNF1A in hepatocytes and that it does not follow some general pattern of DNA methylation in the organism. To evaluate this hypothesis further we analyzed LINE-1 methylation in a subset (n = 200) of studied individuals. Since methylation of LINE-1 elements is considered to reflect the level of global methylation, 32 the absence of correlation between methylation of HNF1A and LINE-1 confirmed our conclusion that the methylation levels of HNF1A gene in PBNC are established independently of the global DNA methylation patterns and that analysis of methylation in the four analyzed CpG sites in HNF1A in PNBC cannot be used as a proxy for methylation of the same four CpG sites in the liver, which is consistent with tissuespecific action of HNF1A in liver and pancreatic islets. 33 The highest statistically significant associations observed were between HNF1A methylation and the highly branched glycan groups GP15 and GP16. This observation was further supported by the association between HNF1A methylation and a derived measure of tetragalactosylated glycans (G4). Although GP15 and GP16 did not show association with HNF1A polymorphisms in our initial study, 25 the extended study (comprising samples from two additional populations) found GP15 to be associated with HNF1A, 29 which provided further evidence for the association between HNF1A and glycan branching. Other glycan groups for which we observed associations with HNF1A methylation also associated with polymorphisms in HNF1A in that study, although they did not reach genome wide significance (p values of 3.35E-3 and 2.47E-5 for GP16 and G4, respectively, were observed; G. Lauc, unpublished observation). Very recently, a molecular mechanism that could explain this association was identified when it was shown that HNF1A regulates the expression of GnT-4a glycosyltransferase in pancreatic β cells. 34 This glycosyltransferase generates the core β1-4 GlcNAc linkage among the N-glycan structures of some glycoproteins and is thus relevant for branching of glycans, which is consistent with our observations. The decrease of HNF1A expression in pancreatic β cells was observed in diabetic mice and humans 34 and epigenetic silencing of HNF1A by CpG methylation could be one of the mechanisms leading to the decreased expression of HNF1A in pancreatic β cells. The middle line represents the median. The horizontal line extends from the minimum to the maximum value, excluding "outside" and "far out" values which are displayed as separate points. For GP15 p = 1.3E-14 and for GP16 p = 1.2E-3. levels in HNF1A gene and LINE-1 elements. Sodium bisulfite modification was performed on 500 ng of extracted DNA using the EZ DNA Methylation-Gold Kit (Zymo Research). The eluted DNA was at a final concentration of 25 ng/μl. Hot-start PCR was performed with HotStartTaq Master Mix kit (Qiagen) using the following primers for HNF1A: 5'-GGA TAA GGG GGA GTT TTG-3'; 5'-CCC CTC TAA ACT CTC CTA-3' (biotinylated) and LINE1: 5'-TAG GGA GTG TTA GAT AGT GG-3' (biotinylated); 5'-AAC TCC CTA ACC CCT TAC-3'. Cycling conditions were as follows: an initial denaturation of 15 min at 95°C followed by 50 cycles of 30 sec at 95°C, 30 sec at 54.4°C (HNF1A) or 58°C (LINE1) and 30 sec at 72°C, with a final extension of 10 min at 72°C. To quantify the percentage of methylated cytosine in individual CpG sites, bisulfite-converted DNA was sequenced using a pyrosequencing system (PSQTM 96MA, Biotage, Sweden) in accordance with the manufacturer's protocol (Biotage). This method treats each individual CpG site as a C/T polymorphism and generates quantitative data for the relative proportion of the methylated vs. the unmethylated allele. The following pyrosequencing primers were used: 5'-AAG GGG GAG TTT-3' (for HNF1A) and 5'-CAA ATA AAA CAA TAC CTC-3' (for LINE1). The target CpGs were evaluated by converting the resulting pyrograms into numerical values for peak heights and calculating the average of all CpG sites analyzed.
Quantitative RT-PCR. Reverse transcription reaction of RNA extracted from various cell lines was performed using MMLV-RT (Invitrogen) and random hexamers, according to the manufacturer's protocol. Quantitative real-time PCR (qRTPCR) was performed in triplicates of each condition, using MESA Green qPCR MasterMix Plus Sybr Assay (Eurogentec) and a Mx3000P realtime PCR system (Stratagene). The cycling conditions were as follows: 95°C for 1 min, 40 cycles for 10 sec at 95°C, for 30 sec at 55°C and for 30 sec at 72°C. The relative quantification of HNF1α mRNA was analyzed using the comparative CT method and normalized to that of GAPDH. For amplification, the following primers were used: HNF1qRT1, 5'-AGT GAG TCC GGG CTT CAC AC-3'; HNF1qRT2, 5'-TGA AGG TCT CGA TGA CGC TG-3'; GAPDHqRT1, 5'-AAC GGG AAG CTT GTC ATC AA-3'; GAPDHqRT2, 5'-TGG ACT CCA CGA CGT ACT CA-3'.
Glycan release and labeling. Glycan release and labeling was performed as reported previously in reference 22. Plasma proteins were immobilized in a block of SDS-polyacrylamide gel and N-glycans were released by digestion with recombinant N-glycosidase F. This was done in a 96-well microtiter plate to achieve the best throughput of sample preparation. After extraction, glycans were fluorescently labeled with 2-aminobenzamide.
Hydrophilic interaction high performance liquid chromatography (HILIC). Glycans released from plasma proteins were subjected to hydrophilic interaction high performance liquid chromatography (HILIC) on a 250 x 4.6 mm i.d. 5 μm particle packed TSKgel Amide 80 column (Tosoh Bioscience, Stuttgart, Germany) at 30°C with 50 mM formic acid adjusted to pH 4.4 with ammonia solution as solvent A and acetonitrile as solvent B. Sixty minute runs were performed with fluorescence detector HNF1A methylation (which suppresses expression of HNF1A). Indeed, a significant increase in highly branched glycans (GP15 and GP16) was observed in HNF1A-MODY patients (Fig. 3) .
This study provided the first evidence that epigenetic silencing of HNF1A by CpG methylation is associated with the composition of the plasma glycome. The importance of methylation at the four cytosine sites for the expression of HNF1A was demonstrated by the analysis of cytosine methylation of different cell lines, and the impact of decreased HNF1A transcriptional activity on plasma N-glycome composition was demonstrated by analyzing HNF1A-MODY patients. The observed associations between plasma N-glycans and HNF1A methylation are not very strong, but since plasma glycans originate from different tissues and since we showed that methylation patterns in PBNC do not follow general methylation pattern of an organism, it would be unrealistic to expect strong associations since methylation of HNF1A in PBNC can affect only a small subset of plasma glycans. The absence of association between HNF1A methylation and plasma protein fucosylation indicated that methylation in PBNC is not a good proxy for liver cell methylation in this specific case, and therefore cannot associate with glycosylation of those plasma proteins which originate from the liver, therefore glycoproteins from cells of the immune system are probably the primary source of the observed associations. The combination of (1) consistent statistically significant associations between methylation of HNF1A in PNBC and branching of glycans on plasma glycoproteins consistent with the role of HNF1A in the regulation of GnT-4a glycosyltransferase with (2) strong correlation between HNF1A methylation and expression in different cell lines and (3) the same type of changes in plasma glycome in HNF1A-MODY patients suggest that the observed associations reflect the biologically relevant role of epigenetic regulation of HNF1A in protein glycosylation.
Materials and Methods
Sample population and study design. Blood samples were collected from unselected examinees from the Croatian Adriatic island Korčula as part of a larger genetic epidemiology program. [39] [40] [41] Participants were recruited on the basis of the official voting registers and contacts with the local stakeholders and religious communities. Sampling took place in 2007. All examinees were given detailed study information prior to the enrolment, and they had to sign the informed consent to enter the study. The study was approved by the appropriate Ethical Committees in both Croatia and Scotland. Subjects with HNF1A-MODY mutation (confirmed by sequencing in a certified UK diagnostic center) were ascertained from the South of England. The study was approved by the Oxfordshire Local Research Ethics Committee and all subjects gave informed consent.
Simultaneous extraction of DNA and RNA from HepG2, Huh7, HeLa, MCF7, TE1, TE11 and TE13 cell lines for pyrosequencing and expression analysis by quantitative RT-PCR was performed by using an AllPrep DNA/RNA Mini Kit (QIAGEN).
CpG methylation analysis. Pyrosequencing assays were established for the quantitative measurement of DNA methylation Mini-Cell (Invitrogen) according to the manufacturer. Precision Plus Protein All Blue Standards (BioRad, Hercules, CA) was used as the molecular weight marker. The gels were run at 180 V for 45 min, stained with GelCode Blue (Pierce) and visualized by a VersaDoc Imaging System (BioRad).
UPLC analysis of IgG glycans. Fluorescently labeled N-glycans were separated by ultra performance liquid chromatography on a Waters Acquity UPLC instrument consisting of a quaternary solvent manager, sample manager and a FLR fluorescence detector set with excitation and emission wavelengths of 330 and 420 nm, respectively. The instrument was under the control of Empower 2 software, build 2145 (Waters, Milford, MA). Labeled N-glycans were separated on a Waters BEH Glycan chromatography column, 100 x 2.1 mm i.d., 1.7 μm BEH particles, with 100 mM ammonium formate, pH 4.4, as solvent A and acetonitrile as solvent B. Recently reported methods for UPLC profiling of glycans 42, 43 were used as a starting point for the development of the separation method which used linear gradient of 75-62% acetonitrile at flow rate of 0.4 mL/ min in a 20 min analytical run. Samples were maintained at 5°C prior to injection, and the separation temperature was 60°C. The system was calibrated using an external standard of hydrolyzed and 2-AB labeled glucose oligomers from which the retention times for the individual glycans were converted to glucose units (GU). Data processing was performed using an automatic processing method with a traditional integration algorithm after which each chromatogram was manually corrected to maintain the same intervals of integration for all the samples. The chromatograms obtained were all separated in the same manner into 24 peaks and the amount of glycans in each peak was expressed as % of total integrated area.
Statistical analysis. The descriptive part of this study was based on non-parametric methods since deviations from normal distribution were observed. Correlations were performed with Spearman's rank test and gender differences were tested with the Mann-Whitney test. The basic analysis was performed in genealogy-unlinked individuals, in order not to bias the results with sample relatedness. SPSS version 13 was used in the analysis (SPSS Inc., Chicago, IL). Significance was set at p < 0.001 to account for simultaneous testing of multiple glycan structures. For the second analysis glycan traits were adjusted for age, sex and pc1-3 (accounts for relatedness). Pearson correlation coefficients calculated for adjusted glycan measures vs. each methylation position.
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No potential conflicts of interest were disclosed. set with excitation and emission wavelengths of 330 and 420 nm, respectively. The system was calibrated using an external standard of hydrolyzed and 2-AB-labeled glucose oligomers from which the retention times for the individual glycans were converted to glucose units (GU). The chromatograms obtained were all separated in the same manner into 16 chromatographic areas (peaks) for initial profile and into 13 peaks for desialylated glycans, regarding the peak resolutions and similarity of glycan structures present as described before. The amounts of glycans present in each area were expressed as % of total integrated chromatogram (amount of total glycan structures/total serum N-glycome).
Weak anion exchange (WAX)-HPLC. Glycans were separated according to the number of sialic acids by weak anion exchange HPLC. The analysis was performed using a Prozyme GlycoSep C 75 mm x 7.5 mm column (Prozyme, Leandro, CA USA) at 30°C with 20% (v/v) acetonitrile in water as solvent A and 0.1 M acetic acid adjusted to pH 7.0 with ammonia solution in 20% (v/v) acetonitrile as solvent B. Compounds were retained on the column according to their charge density, the higher charged compounds being retained the longest. A fetuin N-glycan standard was used for calibration.
Sialidase digestion. Aliquots of the 2AB-labeled glycan samples were dried down in 96-well PCR plates. To these, the following was added: 1 μl of 250 mM sodium phosphate incubation buffer (pH 6.0), 0.5 μl (0.0025 U) of ABS, Arthrobacter ureafaciens sialidase (releases α2-3,6,8 sialic acid, Prozyme) and H 2 O to make up to 5 μl. This was incubated overnight (16-18 h) at 37°C and then passed through AcroPrep TM 96 Filter Plates, 350 μL well, 10K (Pall Corporation, Port Washington, NY) before applying to the HPLC.
Isolation of IgG. Prior to use, the monolithic plate was washed with 10 column volumes (CV) of ultra pure water and then equilibrated with 10 CV of binding buffer (1x PBS, pH 7.4). Plasma samples (50 μl) were diluted 10x with the binding buffer and applied to the Protein G plate. The filtration of the samples was completed in approximately 5 min. The plate was then washed five times with 5 CV of binding buffer to remove unbound proteins. IgG was released from the protein G monoliths using 5 CV of elution solvent (0.1 M formic acid, pH 2.5). Eluates were collected in a 96 deep well plate and immediately neutralized to pH 7.0 with neutralization buffer (1 M ammonium bicarbonate) to maintain the IgG stability. After each sample application, the monoliths were regenerated with the following buffers: 10 CV of 10x PBS, followed by 10 CV of 0.1 M formic acid and afterwards 10 CV of 1x PBS to re-equilibrate the monoliths. Each step of the chromatographic procedure was done under vacuum (cca. 60 mmHg pressure reduction while applying the samples, 500 mmHg during elution and washing steps) using a manual set-up consisting of a multichannel pipette, a vacuum manifold (Beckman Coulter, Brea, CA) and a vacuum pump (Pall Life Sciences, Ann Arbor, MI). If the plate was not used for a short period, it was stored in 20% ethanol (v/v) at 4°C.
The purity of the isolated IgG was verified by SDS-PAGE with NuPAGE Novex 4-12% Bis-Tris gels in an Xcell SureLock Recherche sur le Cancer (ARC, France) to ZH, by the European Commission grants EuroGlycoArrays, GlycoBioM, HighGlycan and CEED3, and by AUF PSCI Grant. Plasma and DNA samples from the inhabitants of Korcula island were collected with support of the FP6 EuroSpan project, the Royal Society, and the Chief Scientist Office of the Scottish Government.
